Ultraviolet and hard X-ray (HXR) emissions in solar flares provide observational signatures of the interaction of flare-accelerated particles with the chromospheric plasma. Earlier studies have shown clear evidence of temporal and spatial relationships between UV and HXR emission, suggesting a common physical origin. However, more recent spatially resolved case studies suggest significant variations in the spatial distributions of the emission signatures, implying that the large-scale magnetic topology of the flaring region must play a crucial role in the spatial and temporal development of the localized UV and HXR emission. We present here an analysis of spatially resolved HXR emission and localized UV emission sources from 11 M and X class flares with observations from RHESSI and high-cadence 1600 Å observations from TRACE. Within each flare we address the overall temporal development of individual UV sources and relate them to associated impulsive bursts within the HXR flare profile. We find, for these large flares, that in the initial impulsive bursts of flare activity, the majority of the temporally correlated emission evolves in a series of localized co-spatial sources along the UV ribbons consistent with previous two-dimensional reconnection pictures. However, observations of impulses late in flares, show significant departures from the traditional co-spatial/co-temporal picture. The new results include extended UV ribbons with no corresponding HXR emission and marked spatial separations between temporally correlated sources of UV and HXR emission. In seven of the multi-burst events, we observe the development of independent sets of UV and HXR sources corresponding to the individual impulses seen in the temporal profile. The observed separations and the spatial development of co-temporal emission in multi-burst events emphasize the importance of a complex and time varying magnetic topology in shaping the observed emission distributions in both wavelengths. In four of the events, we observe late developing UV sources which show no relationship with the HXR emission. In these events, the emission sources show a strong relationship with lower energy, more spatially extended X-ray emission believed to be of thermal origin. This suggests that, in the later phase of these complex flares, emission from thermal processes comes to dominate non-thermal processes in the production of the UV emission.
INTRODUCTION
Solar flares are transient solar events that release large amounts of energy from the changing solar magnetic field to produce various observable emissions within the solar atmosphere on timescales of minutes to a few hours. The energy release in flares produces accelerated electrons and ions which interact with the ambient solar atmosphere to produce a wide array of electromagnetic radiation. As a result, multi-wavelength observations provide critical insight into the physical processes governing the atmospheric response to the flare while also the interpretation of the energy release process of the flare itself. In this paper, we address temporal and spatial relationships between hard X-ray (HXR) emission and simultaneous ultraviolet emission (1600 Å continuum) in the chromosphere. Both of the HXR and UV continuum emission are widely suggested to result from direct particle injection in the chromosphere, though Fletcher & Hudson (2001) suggest thermal conduction from reconnecting loops as a mechanism for additional UV and EUV production. Zharkova et al. (2007) have shown for optical emission in the Hα that precipitating protons and nonthermal electrons can have significant contributions to the observed optical signature, while Fletcher et al. (2007) in a study of TRACE white light flares suggested via arguments on the energetics that the continuum and UV emission is likely to result from low-energy electrons precipitating into the upper chromosphere.
Previous studies of temporal relationships between HXR and broadband UV and EUV emissions addressed the respective flare emissions as a single unresolved event; therefore, timing results were focused on more global aspects of the flaring region. Initial temporal studies of broadband EUV and HXR emissions, based on observations from the OGO satellites and ground-based sudden frequency deviation observations in the ionosphere for EUV wavelengths at 10-1030 Å (Kane & Donnelly 1971; Donnelly & Kane 1978; Kane et al. 1979) , showed a similar time profile in both wavelengths indicating a strong temporal relationship during the rise of the flare. These studies provided observational evidence for the emissions being associated with a common origin and suggested that they result from a single, distributed particle population with the variation of emission with height being due to the interaction with different parts of the accelerated electron energy and pitch angle distributions. Cheng et al. (1988) , who further addressed the ultraviolet and HXR timing, determined that a strong temporal correlation existed between the HXRs, OV line emission, and UV broadband emission using observations from the HXRBS and UVSP instruments on the SMM spacecraft. They reported statistically significant temporal correlations within the impulsive bursts of HXRs. Delays in UV emission were reported of order 0.3-0.7 s which when combined with the temporal correlation suggested that the UV and HXR emissions are most likely from the same source particle population. In addition, Cheng et al. also provided evidence of localized UV and HXR sources through the UVSP images. These localized UV sources were approximately 4 arcsec in width and frequently corresponded to the burst-like brightenings within the UV profile. Spatially, the compact ultraviolet sources, visible during the impulsive bursts of the flare, were consistent with the sources acting as chromospheric footpoints of the observed flaring loops.
Recently, a number of studies have revisited the temporal and spatial relationships between UV and HXR emission, due in large part to the increased spatial resolution in the UV provided by observations from TRACE. Warren & Warshall (2001) addressed the timing and spatial development of nine flares observed in the UV with the TRACE UV continuum filter (broadband, peaked at 1600 Å) and in X-rays with Yohkoh/HXT, though for earlier events they relied on X-ray data from BATSE which lacked imaging capability. Warren & Warshall (2001) focused on an M 1.1 flare from 2000 March 17 observed with high cadence in the TRACE UV. They compared the temporal profiles of six localized UV sources and demonstrated that not all localized emission sources follow the overall correlation described in prior studies. Three of the localized sources, with significant brightenings that were co-temporal with the impulsive X-rays from BATSE, showed a significant correlation, while sources showing significant precursor emission, relative to the HXRs, were uncorrelated and in some cases anti-correlated with the HXR data. In addressing the spatial development they focused on two events observed with TRACE and HXT allowing for a resolution of ∼1 arcsec in the UV and approximately 8 arcsec in X-rays. The spatial observations indicate that the UV emission tends to exist in more extended ribbons while the HXR emission is generally more localized. A key development in these observations was the observation of a separation between the UV and HXR emission suggesting a more complex topology relating the co-temporal UV and HXR emission, with the flare energy release site.  hereafter Paper 1) incorporated the improved spatial resolution of RHESSI with the high cadence UV images from TRACE to further the temporal and spatial investigation, focusing on a C 6.5 event from 2002 July 16. While the event developed spatially as a typical two-ribbon flare morphology in the UV, the bulk of the HXR emission (25-100 keV) was tightly localized to a location co-spatial with a portion of the southern ribbon. Temporally, correlation analysis showed localized UV sources on both ribbons which were well correlated with the overall X-ray profile of the event with no detectable delays, within the two-second resolution of the TRACE data. Taken together, these results suggest that the UV and HXR emission are directly associated with the same flare energy release process, although the spatial separation observed suggests the need for a more complex morphology than a simple loop or arcade structure. In addition to the HXR and UV emission, we reported on a softer X-ray loop seen in RHESSI (6-25 keV) that provides evidence of a connection between the source of the localized HXR emission and one of the correlated UV sources on the northern ribbon; however, the separation of 50-70 Mm is too large to produce coincident emission, within two seconds, as a result of typical hydrodynamic or Alfvénic motions. Combining these results with the observations of a series of brightening UV sources along the northern ribbon, we proposed a topological scenario whereby the co-temporal yet spatially separated UV and HXR emission resulted from timevarying reconnection on one or more assumed separators defined by one or more time-varying, interacting magnetic domains.
For larger flares, the analysis of Coyner (2005) showed that the majority of correlated HXR and UV emission was generally co-spatial although the UV ribbons were more extended than the HXR emission, the latter distributed in smaller localized sources along portions of the UV ribbons (e.g. Temmer et al. 2007 ). The work presented here expands upon these previous studies by including a wider sample of flares of varied magnitudes. The primary focus of this effort is on the behavior of and relationship between the localized sources at both wavelengths. We address several key areas of the temporal and spatial behavior of the HXR and UV emission:
1. We compare the localized, spatially integrated UV temporal response for the identified sources with the overall spatially integrated HXR response. This allows us to compare the emission on the shortest timescales possible (2s). 2. For the individual impulsive bursts within the X-ray profile, we compare the spatial distributions of active UV sources and HXR sources and posit potential physical mechanisms and topological configurations necessary to explain the observed emission. 3. For some events we concentrate on select UV sources with time profiles that deviate from the previously suggested UV/HXR relationships. We perform a timing analysis between the UV and lower energy HXRs (6-25 keV) and suggest that the UV emission may result from processes other than the generally assumed injection of non-thermal electrons.
The remainder of this paper is structured as follows. Instrumentation and methods used in our analysis will be addressed in Section 2. Section 3 encapsulates our findings for each aspect of this study. Section 4 builds upon our results to address existing questions with regard to particle transport, magnetic topology, and the importance of multiple particle populations and presents some suggested future directions.
METHODOLOGY AND INSTRUMENTATION
The multi-wavelength analysis presented here relies on high cadence UV and context white light imaging from TRACE (Handy et al. 1998) , high time-resolution light curves and high spatial-resolution X-ray image reconstructions from RHESSI (Lin et al. 2002) and contextual white-light intensitygrams from SOHO/MDI. The SOHO/MDI data are used in concert with the TRACE white light images to correct TRACE pointing and to allow for proper co-alignment of the TRACE and RHESSI images.
We focus our TRACE observing on high cadence imaging using the UV continuum filter peaked at 1600 Å which allows us to probe the response to the flare of ambient plasma in the chromosphere. For this study we use the TRACE flarewatch_1600 observing program developed by Harry Warren which provides the fastest UV cadence available (2-3 s). This is a two-phase program which begins with TRACE observations centered on a pre-selected active region with a field of view of 384 × 384 arcsec 2 with 0.5 arcsec pixels and a temporal cadence of ∼ 4 s (see Paper 1). About once per minute a context white light image is taken. These white-light images are compared with white light intensitygrams from SOHO MDI to correct TRACE pointing by properly aligning on commonly discernible features. The coalignment process is addressed more thoroughly in Paper 1 and in the TRACE pointing corrections suggested by Tom Metcalf 1 1 http://www.cora.nwra.com/∼metcalf/TRACE/pointing.html (Metcalf et al. 2003) . Once the observed count rate exceeds the defined flare trigger, white light imaging ceases and the program shifts to a smaller field of view (256 × 256 ) and a higher ≈2 s cadence centered on the brightest UV source at the time of triggering for the remainder of the flare observations. The smaller field of view is required to allow for the highest possible cadence while maintaining the ∼1 arcsec spatial resolution. HXR images are generated for our events using the Pixon reconstruction method (Metcalf et al. 1996) for 128 × 128 fields of view centered on the verified flare center coordinates from RHESSI. We choose to implement the Pixon reconstruction method described by Metcalf et al. (1996) because of its comparative improvements in photometry over the other available reconstruction methods (see Aschwanden et al. 2004 ). We choose an energy range for the imaging, typically 25-100 keV, to minimize the effect of thermal emission from the flare, limiting the imaged X-rays to predominantly chromospheric locations. In the case of some of the largest events in our study the chromospheric X-ray imaging is done at 50-100 keV based on evidence of a significant thermal component extending into the 25-50 keV energy range.
For the temporal aspects, we generate both full field of view and individual UV source light curves from the TRACE image sequences. The individual sources in the UV emission are selected in our analysis as user-defined polygons around localized areas of intense UV brightening above background level. The RHESSI instrument allows for temporal resolution of tens of milliseconds for all observed X-ray and gamma ray energies; however, our resolution of the flare's temporal behavior is limited by the TRACE observation cadence; thus we rebin the RHESSI light-curve data to 2 s for more direct comparisons. The temporal resolution of the spatially resolved HXR data is significantly limited by the integration time required for the image reconstruction algorithm to converge, typically 10-20 s for the data presented here.
DATA AND ANALYSIS
We present here an analysis of the UV and HXR development of a number of large (M and X class) flares found to have both complete RHESSI data coverage, and high cadence UV observations in the TRACE flarewatch_1600 observing program. A summary of our events is provided in Table 1 . Initial inspection of the UV spatial development demonstrates that each of the flares shows emission along a series of complex ribbons. The ribbons show significant structure with localized region brightening occurring at different times throughout the flare. These isolated ribbon segments serve as the UV source kernels (hereafter sources) in our analysis.
In X-rays, many of these large events show complex development both temporally and spatially. Temporally, this complexity manifests itself often in the form of multiple impulsive X-ray bursts suggestive of multiple particle injections, or strongly time-varying particle production. Spatially, these larger flare events show a number of concentrated HXR sources which serve as chromospheric energy deposition sites, i.e., the HXR footpoints. The distribution of the individual HXR footpoints is significantly more spatially localized than the distribution of their UV counterparts.
While each of these events has unique characteristics, there are numerous observed traits in common. To illustrate these we will focus the bulk of this section on the analysis of the X 6.5 event from 2006 December 6. Later sections will address specific features of other events which have particular implications for timing and topological development of these large-scale flaring regions.
2006 December 6 X6.5 Flare
Among all of the events in our study (Table 1) this event is the most intense in terms of peak soft X-ray intensity as measured by the GOES satellite. In both the GOES data and the lower energy RHESSI data, this event is seen to be a smoothly developing, long-duration event lasting approximately 1 hr in RHESSI, and is the larger of two overlapping events seen in GOES over a 3 hr period. As shown in Figure 1 , however, the higher energy X-rays (25-100 keV) occur in series of impulsive bursts over 17 minutes from 18:39 to 18:56 UT, starting some 10 minutes after the initial onset of soft X-ray emission in GOES. This bursty emission is dominated by a primary burst spanning 18:41:00-18:46:30 and a second more sharply peaked burst spanning 18:46:30-18:48:30. Three subsequent small bursts in the HXRs after 18:49:30 with RHESSI photon counts less than 25% of the peak RHESSI photon rate are observed in the X-ray time profile; however, we exclude these lesser bursts from the full field of view comparison of the UV and HXR data due to the minimal UV component seen (see Figure 2 ). However, we do address the development of individual UV sources shown in this later phase of the flare. It should be noted that each of the large bursts identified shows significant temporal structure (Aschwanden 1998) . However, the limited time resolution of TRACE restricts us from considering this fine-scale structure.
In the UV, we observe the bulk of the emission originating from a long north-south oriented ribbon. As with many large events, the ribbon itself appears to brighten in isolated kernels which we represent here as 10 UV distinct sources, eight along the main ribbon (Group 1) and two located more west and north of the main ribbon (Group 2). Many of the Group 1 sources show co-temporal brightening with the HXR emission in the same region while the Group 2 sources (sources 1 and 2 of Figure 3 ) to the north and west show significant time delay. A temporal correlation analysis comparing the localized UV source profiles to the overall HXR profile was performed on each of the 10 UV sources identified (see Paper 1 for analysis techniques). The boundaries of these UV sources are selected using a polygon region of interest to define localized flux concentrations and to avoid overlap of source regions. The relevant sources for the UV response of this event are shown in Figure 3 . The sources were numbered and sequenced in order of selection generally in a southward progression through the field of view. Sources 1 and 2 are the off-ribbon sources defined earlier as Group 2. The remainder are ribbon sources included in Group 1. Hereafter the UV sources of interest will be referred to by their source numbers or for collective effects by group. For each of the sources a pixel-averaged UV flux is calculated for each TRACE image to construct the UV time profile.
Temporal Analysis
We performed a temporal correlation analysis comparing the evolution of each source with that of the overall HXR profile for both the full duration of burst activity and for the individual bursts themselves. A summary of the correlation results is presented in Table 2 . During the primary HXR burst from 18:41:00 to 18:46:30, UV sources 3, 5 and 6, which are located on or near the main extended UV ribbon (see Figure 3) , show a statistically significant temporal correlation. The temporal correlation between these sources and the HXR emission provide strong evidence linking the emission signatures to the same flare energy release event. show both the strongest UV response to the flare energy release and exhibit a burst pattern similar to that of the HXR emission. These sources are consistent with the observed timing correlation discussed by Cheng et al. (1988) . Later bursts in the X-rays are not as consistently reflected by the observed UV emission. The second major burst from 18:46:30 to 18:48:30 is evident in two of the weaker and more southern ribbon sources (sources 7 and 8). Only source 7 shows a significant correlation for the second burst. Source 8 shows a strong emission signature for this burst; however, the source 8 response peaks ahead of the HXR emission for this latter burst. The subsequent bursts seen in the HXR data after 18:49:30, however, do not appear in the spatially integrated UV profile (see Figure 2 ). These secondary HXR bursts are seen in later developing individual sources only. Sources 4, 9, and 10 show strong UV emission within the flare; however, no appreciable co-spatial HXR emission is seen and temporal correlations between the UV and HXR emissions are weak. Sources 7 and 8 of the UV ribbon show evidence of a response to a secondary flare impulse from 18:46:30 to 18:48:30.
These emission sources are much weaker than those associated with the first burst with the UV flux found in sources 7 and 8 approximately 25% of the of peak source flux recorded during the initial burst. The southern location of these sources in consistent with the southward development of the X-ray emission. This southward development is consistent with studies of the two-phase production of a Moreton wave originating in this flare region (Gilbert et al. 2008) . The coincidence between the flare location and the origin of two Moreton waves can be viewed as observational signatures of a sequence of strong energy releases associated with filament activation and the eruption of a powerful CME emerging from the region. The subsequent weak X-ray bursts after 18:48:30 are in large part unseen in the UV emission. Only UV source 8 (Figure 3) shows any burst like pickup after 18:49:30 despite consistent and strong HXR emission visible in the southern regions of a weakened UV ribbon. We perform further analysis of individual UV sources specifically seen during this later portion of the flare shown in Figure 5 . Of these five sources, only one shows a significant temporal correlation, source 15 with a correlation Figure 6 . The spatial development of these later sources occurs primarily along the existing UV ribbon and does not include co-spatial development with the intense HXR source.
Spatial Analysis
In the previous section, we confirmed the existence of a strong temporal correlation between UV sources along the main UV ribbon and the overall unresolved HXR emission. This correlation is suggestive that both emissions are governed by the same time-dependent flare energy input although with a clear spatial development in the UV; however, in order to further understand the nature of the driving mechanism, we must investigate the spatial development of the flare emissions in both wavelength ranges and any relationship between them. We focus here on localizing specific sources as we track the evolution of the flare during periods of significant activity. The high-cadence UV observations allow us to track the UV source evolution through the duration of the HXR activity; however, in order to produce spatially resolved maps of HXR emission, we require integration times of at least 10 s for the image reconstructions to remain statistically significant.
For the main impulse, 18:41:00-18:46:30, the bulk of the UV emission evolves along a segmented north-south oriented ribbon approximately 120 arcsec (87 Mm) in length. The main ribbon is fragmented into northern, central, and southern components each possessing significant UV enhancements. The HXR emission (25-100 keV) is concentrated into two main sources. The more northern HXR source is fairly localized (approximately 20 × 10 arcsec 2 ) while the southern HXR emission initially appears more extended; however, as the HXRs evolve this source complex becomes resolved into multiple footpoints.
The HXR sources are seen co-spatially with some of their UV counterparts. Figure 7 shows a pair of spatial map overlays depicting the evolution of the UV and HXR (25-100 keV) emissions for a 40 s sequence centered near the peak emission time of the primary burst. The northernmost X-ray source appears co-spatial with UV source 3 while the southern X-ray emission extends along a region of the flare ribbon, co-spatial with the UV sources 5 and 6, consistent with temporal correlation results. The existence of localized HXR emission co-spatial with the temporally correlated UV emission sources is consistent with models put forth by Kane et al. (Kane & Donnelly 1971; Donnelly & Kane 1978; Kane et al. 1979) where both sets of emission result from different portions of a single accelerated electron population.
Multiple Burst Events
For many of the larger events in this study, we see a number of temporal profiles showing multiple impulsive bursts of significant strength. Of particular interest is the evolution of the HXR source emission for each burst in relation to prior bursts as well as the evolving UV emission. In the December 6 event, we see that the later bursts, primarily from 18:46:30 to 18:48:30 with subsequent minor bursts in the HXR after 18:49:30, are dominated in X-rays by a more intense and more southerly located HXR source beginning near the center of the UV ribbon and progressing over time to the south and west (see Figure 8 and also Gilbert et al. 2008) . The nearest UV sources to the dominant X-rays for the bulk of the secondary burst duration are sources 7 and 8. In relation to the temporal analysis, these sources show significant burst activity during this secondary impulse (18:46:30-18:48:30) , both showing a significant rise in emission during this interval with source 7, in particular, showing a strong correlation with the HXR burst activity (correlation coefficient of 0.8295). Despite the temporal correlation and spatial proximity, there is no directly co-spatial HXR emission apparent for either source 7 or 8. During the later stages of the flare (beyond 18:49:30 UT), the X-ray source to the south and west of the UV persists. However, there is again a separation between the HXR source and the most significant UV brightening (see Figure 9 ). Spatially separated, but temporally correlated emission is consistent with the picture presented in Paper 1 and is suggestive that a spatially complex magnetic geometry is necessary to produce the observed emission. A fading HXR source appears on the northern-central portion of the UV ribbon; however, this source is weakening throughout the later evolution of the event while the aforementioned southern source intensifies. As the flare evolves during later times, after 18:49:30 UT (see Figure 9) , the bulk of the HXR emission is still confined in an intense HXR source to the south and west of the bulk of the UV ribbon. At this stage, the UV ribbon has a well defined central fragment with the brightest UV emission originating from the southern tip of this structure. This brightening (source 15) shows strong temporal correlation with the HXR emission. However, the UV and HXR sources are again spatially separated suggesting a larger scale structure necessary to connect the emissions. The development of a more southern region of HXR emission, not seen during the primary HXR impulse, indicates a probable second flare event involving a distinct group of magnetic structures. The southern location of this new HXR emission for the later bursts (including those not apparent in the UV profile) is consistent with the derivation by Gilbert et al. (2008) of a set of two temporally and spatially separated origins of two chromospheric waves associated with these events. The additional and distinct energy release suggests that an evolving, and likely complex, magnetic topology is required to produce the distinct and separate emissions as the flare evolves.
Multiple impulse activity, such as described above, is similar to that seen in other M and X class events in our study with complex temporal profiles. A striking example in comparison to the X 6.5 2006 December 6 event is that of the 2004 November 10 X2.5 flare. Figure 10 displays the overall HXR time profile along with a series of four UV and HXR map overlays corresponding to the four impulsive bursts in the HXR profile of the November event. We see that each of the bursts corresponds to a different set of HXR footpoints localized to small portions of an active and complex UV ribbon system observed by TRACE. Each of the bursts shows that the strongest UV and HXR activity is initially co-spatial with each of these bright UV sources demonstrating a statistically significant correlation with the HXR burst temporal profile. At later times, the brightest UV sources still emerge near the bright HXR footpoints but a notable spatial separation does exist within these later bursts consistent with the evolution discussed with the 2006 December 6 event. The observations of separate sets of footpoints corresponding to different bursts within the time profile suggest multiple burst flares can be envisaged as a series of reconnection-driven events occurring at different locations in the solar corona, possibly driven by the interaction of distinct magnetic systems within the evolving topology of the flaring region (see discussion). While the X-ray sources and the correlated UV emissions are reasonably compact and localized for each impulse, consistent with direct particle injection from a nearby reconnection site, the other extended UV ribbons are still emitting and visible in the TRACE images. This suggests that UV emission may also occur in part due to other mechanisms. Possibilities include the effects of a thermal electron population or bulk heating of the chromospheric flaring region via thermal conduction fronts (Czaykowska et al. 2001; Fletcher & Hudson 2001; Wülser et al. 1994) .
Another example of a multiple burst event is the X1.3 event of 2005 January 15 . The HXR emission for this event shows three distinct impulses. The first two are short duration impulses of approximately 40 s in length. The UV emission for the event covers a long east-west oriented ribbon which shows significant spatial fragmentation into individual UV sources. For these ribbons the most significantly temporally correlated sources of emission occurs at the endpoints (labeled as sources 1 and 2 in Figure 11 , top) of the UV ribbon. Both these sources show clear temporal correlation for the two strongest peaks.
Spatially the X-rays evolve over the course of the flare with the HXR emission beginning as a general large source in the center of the UV ribbon, distant from the correlated endpoint emission early on but as the flare approaches its peak, it evolves into a number of distinct discernible footpoints running the length of the UV ribbon. One source develops co-spatially with the temporally correlated west endpoint (source 1 in Figure 11 ). See Figure 11 for a clearer representation of the spatial HXR evolution during the peak emission.
UV Sources Uncorrelated with HXR Emission
While the primary focus of this study is the evolution of localized UV sources with respect to the HXR emission in these events, there are two 2006 December 6 events (the X 6.5 event described earlier and a weaker M 3.5 event beginning at 20:15 UT) that provided evidence of significant UV brightening in the off-ribbon UV sources with no relation to the highenergy HXR emission, in either space or time. For the X 6.5 event, the Group 2 sources located off the ribbon exhibited significant onset delays and varied profile shapes from that of the HXR emission. We see the bulk of their development occurring approximately 2 minutes after the peak of the strongest impulse of HXR emission. UV source 1, which is the farthest from the main ribbon of emission, shows a much smoother less bursty profile than the impulsive phase of the UV and HXR on-ribbon emission. This smoother profile indicates a departure from the direct injection of non-thermal particles responsible for the HXR-correlated emission. Figure 12 shows the comparative time profiles of UV source 1 and the profile of the lower energy, 6-25 keV, X-rays. The lower energy X-rays show a single longer duration event compared to their higher energy counterparts, having a discernible emission profile from 18:42:30 to 18:49:30. It reaches its peak emission at 18:44:54 followed by steady decay. UV source 1 shows similar delayed onset and a similar extended profile to the SXR emission curve. We have performed a correlation analysis on the localized UV sources and soft X-ray time profile and find that source 1 shows the strongest correlation (R = 0.8844) for the burst duration and has a similar peak time to the SXR profile (source 1 peaking at 18:45:07). In contrast, source 1 shows a correlation of 0.2266 between the UV and HXR emission greater than 25 keV. This suggests a stronger link to the soft X-ray thermal emission in this source than to the HXR emission. Additional evidence diminishing the relationship between UV and HXR emission of this source arises from the fact that these profiles are significantly delayed from the peaks of the HXR profiles (the HXR profile peaks at 18:43:29 85 s prior to the SXR curve).
A second example also included in Figure 12 comes from the analysis of the later M 3.5 flare from 2006 December 6. In this case, the HXR profile shows a drastic and rapid rise to produce a short duration X-ray burst; however, one of the UV sources (source 2 from that analysis) shows a much slower rise and more Gaussian form than the HXR profile with the peak occurring significantly later in the evolution. Comparing this source profile with the 6-25 keV X-ray observations, we find significant statistical correlation (R = 0.9610) between the temporal development at the two wavelength ranges. In contrast, the correlation between this source and the 25-100 keV emission has a correlation coefficient of 0.3931 confirming a much strong correlation between UV source 2 and the lower energy softer X-ray emission. Again, unlike the 25-100 keV HXR profile which peaks sharply at 20:16:50, the soft X-ray profile peaks 20:17:27 and the UV source 2 at 20:17:53. In both these examples the significant time delays and deviation in temporal profile shape from the HXR emission suggest that these UV sources are likely responding to a different component of the flare activity than the non-thermal particles believed responsible for the HXRs. We will address potential explanations for this in later sections.
Results From Other Events
The remaining events not discussed in complete detail here show a combination of similar features to the events described. In a total of seven of the events studied we see multiple impulsive bursts within the HXR temporal development. Like the 2004 November 10 flare and the X1.3 event from 2005 January 15, the multiple burst events show significant changes within the distribution of HXR emission. The events from 2004 January 19, 2005 January 19, and 2005 January 21 all show the development of multiple HXR sources over time which suggest a change in local topology or energy transport to create the newly developed sources. For the two 2005 events, the strongest UV emission is co-spatial in all the bursts although the UV emission is more extended as is common to all the events in this study.
The 2004 January 19, 2002 July 17, and 2006 December 7 events are examples that show intense co-spatial UV emission for the strongest HXR sources while also showing significant temporally correlated emission which is spatially separated from any HXR source with this separation persisting throughout, similar to the results of Paper 1. Each of the events also shows significant UV emission which is not correlated to the HXR emission, similar to emission from sources 4, 9, and 10 in the extended ribbons of the 2006 December 6 event. In two cases, 
INTERPRETATION AND CONCLUSIONS

Observational Summary
The observations discussed in this paper illustrate the complexity of chromospheric emission signatures in large solar flares while emphasizing the significance of these signatures as diagnostics of the topological structure and energy release mechanisms within the flaring region. Analysis of these localized, spatially resolved emission signatures provide crucial insight into the nature and dynamics of the flaring process. Our analysis of 11 M and X class flares, observed with high cadence in TRACE 1600 Å and RHESSI HXR observations above 25 keV, addresses three important aspects of temporal and spatial relationships of the chromospheric emission signatures, yielding insight into the flare energy release process. Of the three aspects addressed, we find a number of intriguing results focused on the spatial evolution of these events. Among these we find an increase in co-spatial emission in both wavelength ranges for the initial impulsive bursts of the large flares in this study, in direct contrast to the consistently separated emissions of 2002 July 16 C6.5 event discussed in our previous paper. However, it is important to note that these larger events do develop spatially separated but temporally correlated emissions as the flare progresses, suggesting a transition in the relationship between the emission processes as the flare develops. The behavior of the emission late in these large flares is consistent with the findings in Paper 1. Finally, we address the development of spatially extended UV ribbon emission in comparison with more compact and localized HXR emission.
Our analysis of the temporal evolution of the 11 large flares finds that for spatially integrated emission 9 of the 11 flares contains UV sources which show a strong correlation with the HXR temporal profile, consistent with the results seen for earlier spatially unresolved studies, like those conducted by Cheng et al. (1988) . Our temporal comparisons of the UV and HXR spatially resolved emission sources, however, demonstrate many more complex signatures within the flare development. For example, there exists a strong tendency in large flares for the initial impulsive bursts of UV and HXR emission to be dominated by largely co-spatial and co-temporal emission above 25 keV. However, as the flares progress later developing sources of temporally correlated emission show distinct spatial separation between the UV and HXR kernels. The co-temporal emission at both wavelengths is indicative that the emission must have a common origin, readily explained by energy release from magnetic reconnection in the corona. Moreover, the specifics of energy transport in these large events must exhibit increasing complexity as the flares evolves. While co-spatial emission, consistent with many flare loop models, appears early, the evolving spatial distributions in both wavelength ranges and the persistent co-temporal relationship of widely spatially separated sources provide evidence that the co-temporal, cospatial emission predicted in loop models only accounts for the nature of the brightest emission sources during the initial impulsive phase and as these large flares develop more complex topologies and transport scenarios must be invoked to address the widely varying evolution of the flaring regions. Analysis by Fletcher (2009) of the 2002 July 17 shows notable time lags among late developing spatially separated UV and HXR emission sources. She reports that these time lags represent the time of flight time for the non-thermal electrons to travel from the HXR source to its corresponding UV sources (cf. the Hα/HXR relationship discussed by Zharkova et al. 2007 ).
An important aspect of temporal evolution we observe in the largest of these events is the existence of multiple likely independent impulses of HXR emission. In six of the events studied here, we find temporal profiles in both wavelengths showing evidence of multiple bursts of impulsive flare activity. In all but one of these events, the initial burst is the most intense energy release while the subsequent bursts are diminished in flux but still exhibit impulsive character. With the energy release in flares believed to be governed by the magnetic field configuration of the corona in the flaring region, it is plausible to suggest that these latter bursts could result from later less intense energy release events as the complex magnetic configuration relaxes in stages into a lower energy more stable configuration. Low (2006) has shown theoretically that threedimensional bipolar fields can have an infinite number of stable configurations with varied energies. Changes between these states can occur through the development of tangential discontinuities, manifested as current sheets, that serve as ideal places for additional reconnection. Spatially, we find that these subsequent bursts often correspond to independent sets of X-ray footpoints developing in different localized regions within the observed envelope of the flare activity, essentially defined by the observed UV ribbon system. The new X-ray footpoints do often correspond to localized brightenings in the UV. However, the entirety of the UV ribbons are still seen in TRACE, implying that while the most intense activity occurs in association with a localized reconnection, the extended emission visible in the UV indicates that the entire complex flare region is still actively dissipating energy.
Finally, we discussed the existence of UV sources which do not exhibit the strong relationship between the UV and the HXR emission seen in prior studies. These sources, as observed in both 2006 December 6 events, develop spatially separated from the main ribbon of UV and HXR activity and show a significant time delay from the onset of the HXR burst emission. These sources exhibit statistically significant correlations with the soft X-ray emission, likely implying a thermal origin, in direct contrast to the non-thermal particles theorized to cause the observed impulsive phase HXR emission. This thermal interpretation is strengthened by the temporal profile analysis of the soft X-ray emission (RHESSI 6-25 keV). These lower energy X-ray emissions have been observed to result from thermal bremsstrahlung emission due to the injection of accelerated particles and heated plasma into large-scale magnetic loops likely, in part, due to magnetic reconnection (Aschwanden 2006) . Correlations between the SXR (6-25 keV) emission strongly imply that the UV emission from these sources to likely serve as another signature of thermal emission processes within the flare.
An alternative interpretation of the varied and delayed time profiles of UV sources with respect to the HXR emission can be developed from the works of Zharkova and Kashapova who investigated the roles of different particle populations in the creation of localized flare emission Kashapova et al. 2007 ). These studies compared time profiles seen in localized Hα sources within the flaring region to spatially resolved HXR emission. The observations showed Hα sources that were correlated with the HXR emission and several Hα sources that showed delayed temporal onset. Zharkova and Kashapova argue that these varied profiles are due to the interaction with the chromosphere of both high energy electrons and protons at the various spatial locations within the flaring region. While the specifics of the roles of these particle populations need further investigation, here we discuss the importance of a thermal energy or thermal distribution component through the temporal correlation between late developing UV sources and the 6-25 keV X-ray source counterparts.
Implications for Particle Transport and Magnetic Topology
Recently, a number of studies have highlighted the importance of the three-dimensional magnetic topology described by the distribution of the separatrix and separator structures, which produces preferred locations for magnetic reconnection and, by extension, flare energy release (Démoulin et al. 1993; Longcope 1996; Metcalf et al. 2003; Titov & Démoulin 2002) . These separators and their associated separatrix systems have been directly linked in recent studies to the chromospheric flare signatures we observe. In wavelengths such as Hα and HXRs it has been demonstrated that the observed footpoints and emission ribbons occur along the intersections of the separatrix surfaces with the chromosphere (Metcalf et al. 2003; Mandrini et al. 1997; Longcope et al. 2001 ). While we present here a number of direct implications from the analysis of radiative emission signatures, in order to fully address and characterize solar flare activity, it is critical to link the observed temporal and spatial signatures to the physical processes and magnetic environment that result in large flares.
In accordance with the general complexity of large flare event regions, our observations provide evidence for large flares being the result of time-varying evolution of the three-dimensional coronal magnetic field probably involving the interaction of multiple flux systems to quickly release the magnetic free energy through the relaxation of the non-potential magnetic field. The necessity for time-varying, interacting flux systems and the associated energy release is two-fold. The multiple UV and HXR sources exhibiting co-temporal behavior show the strongest emission and are often, but not always, found to be co-spatial, consistent with the models of Kane et al. (1979) . However, the additional observations presented here require a more complex overall picture. While the spatially integrated profiles and the strongest individual sources have the observed temporal connection for the most intense bursts of HXR emission, there exist intense emission signatures which persist with no simple co-spatial equivalent. While the UV sources appear in extended ribbons, the HXR signatures are more localized occurring only on portions of the visible UV emission ribbons similar to the results put forth by Warren and Warshall (2001) . These observations require that the intrinsic three-dimensional nature of the magnetic topology in these flaring regions, where likely multiple separatrix surfaces intersect the chromosphere along the visible UV ribbons, is critical.
For the larger events, we see temporal profiles consisting of multiple impulsive bursts of HXR emission. In these events, we find that the individual bursts relate to independent spatially disconnected sets of HXR footpoints. The picture we have is one in which the interaction of two or more evolving flare systems serve to produce a complete three-dimensional morphology in which current sheets develop in multiple locations. Each of the current sheets would evolve near a newly developed separator due to the flux system interactions. Magnetic free energy would be released from reconnection at these current sheets releasing energy and particles which would travel to the chromosphere producing the observed emission. Theoretical simulations of bipolar field evolution allow for such a multiple reconnection magnetic evolution. Low (2006) has shown that a three-dimensional bipolar field can have an infinite number of equilibrium state topologies each with different magnetic energy. Transitions between these states would require the formation of a tangential discontinuity in the form of a current sheet consistent with those that arise during reconnection events.
Such a multiple reconnection scenario is observationally supported by the X-ray image sequences similar to those shown in Figure 10 . Here, we observe an initial set of footpoints in the western half of the flaring region, containing strong X-ray emission visible from approximately 02:06-02:08 UT. Subsequently a set of three HXR sources emerge in the eastern portion of the flaring ribbons along a distinct set of UV sources. Following the ideas of Low (2006), we have the following qualitative description of the circumstances which might lead to emission signatures of the kind we observe in multiple burst events. As the field continues to evolve so would the locations at which magnetic reconnection occurs. This directly leads to new and independent sets of HXR footpoints resulting from each subsequent reconnection in the corona. We emphasize that these independent sources for each burst of HXR activity are still considered part of the larger flare rather than a completely independent event because of the persistent emission in the UV throughout the entire flaring region. It is also plausible that the nature of the reconnection and the evolving magnetic geometry lead to a transition from non-thermal to thermal energy transport mechanisms. The development and dissipation of small-scale current sheets would permit the active region field to further relax consistent to the findings of Low by releasing additional energy and producing the second set of HXR sources.
A final implication, particularly related to energy release in these large flares is that multiple energy transport mechanisms may be necessary to produce the observed chromospheric emission. In the case of the most intense sources visible in either wavelength, the co-temporal, co-spatial emission implies that both the HXR and UV emission for these sources can be traced to a common coronal origin and likely result from the same energy release events, believed to result in the impulsive injection of non-thermal electrons. This picture is similar to the scenario put forth by Kane et al., where emission signatures at different wavelengths occur at different heights in the solar atmosphere based on the energies and pitch angles of the contributing electrons. We must be able to address the persistently visible emission from the entirety of the complex UV ribbon system and the UV emission seen during the later small X-ray bursts in the 2006 December 6 X6.5 event. For these later, weaker HXR bursts (18:49-18:56 UT), the UV time profile shows a steady decline which more closely resembles that of a thermal decay rather than a response to a non-thermal source (see Figure 2 ). Incorporating these emissions and the observations of delayed UV source evolving away from the main ribbons of activity would require a significant thermal component to the flare particle population or the interaction of a thermal conduction front with the chromosphere.
Interpretation of Delayed UV Sources
Studies of observed chromospheric signatures of flares have provided evidence for multiple processes involved in their production. Kitahara & Kurokawa (1990) , in a study of Hα and HXR emissions in flares, found Hα sources with time profiles of three distinct types, matching the profiles of HXR, soft X-ray, and thermal conduction front associated emission. In our analysis, we find UV sources which exhibit a significantly delayed response from the temporal profiles of the HXR emission. These sources evolve away from the main ribbon of UV activity and, while weaker than their HXR associated counterparts, persist throughout the latter stages of the observations. These sources deviate significantly from the HXR association which dominates the full TRACE field of view UV event profile; however, their temporal profiles possess comparable delays in emission onset and statistically significant correlations with the soft X-ray emission (6-25 keV). This is important to note because softer X-ray emission at this wavelength has been interpreted to be the result of either thermal bremsstrahlung processes or a response to the movement of thermal particles within the flaring system such as the filling of magnetic loops (Fletcher & Hudson 2001; Joshi et al. 2007; Zharkova et al. 2007) .
These sources raise a number of interesting questions regarding particle transport and emissions in flares. These flares indicate two distinct types of UV response, one consistent with the HXR emission and one of a likely thermal origin, indicating that there are two distinct mechanisms each producing UV emission but seeming to affect only distinct specific regions within the active region. While the thermal explanation is most likely, we cannot exclude the possibility of energy or pitch-angle dependent selection effects such that different populations of electrons or even different particles (protons; See Zharkova et al. 2007 ) get directed to different deposition sites resulting in the observed emission distributions. This requires further investigation.
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